Recent results and future prospects for Υ(5S) running at B-factories are discussed. The first Belle measurements with 23.6 fb −1 of data taken at the Υ(5S) energy are reported. Eligibility of potential measurements expected with 100 fb −1 and 1000 fb −1 of data at the Υ(5S) is estimated.
INTRODUCTION
During the last several years an opportunity for B 
EVENT CLASSIFICATION AND FULL B 0 S EVENT NUMBER DETERMINATION AT THE Υ(5S) RESONANCE
Several bb resonances have been observed in the e + e − hadronic cross-section in the energy region ∼10 GeV [5] .
Among these resonances, the Υ(4S) has a mass slightly above the BB production threshold and decays to B + B − or B 0B0 pairs with almost 100% probability. The next Υ(5S) resonance has a mass exceeding the B Hadronic events produced at the energy region of the Υ(5S) can be classified into the three categories ( Fig. 1 ): Υ(5S) resonance events, bb continuum events, and uū, dd, ss, cc continuum events. The Υ(5S) resonance events and the bb continuum events (contributions from these two sources are expected to be about the same) always produce the final states with a B or B s meson pair, and, therefore, cannot be topologically separated. We define the bb continuum and Υ(5S) events collectively as the bb events. All bb events are expected to hadronize in final states with the B In order to measure any B 0 s branching fraction, the number of B 0 s mesons in a collected Υ(5S) data sample has to be precisely determined. To calculate the B 0 s number in a dataset with known integrated luminosity L int , the two parameters should be measured in advance: the total bb production cross section at the e + e − center-of-mass energy σ
Υ(5S) bb
, and the fraction f s of B 0 s events among all bb events. Then the number of B 0 s mesons in a dataset can be calculated as: The total bb cross section σ
can be determined by comparing the number of hadronic events produced at the Υ(5S) and on the continuum below the Υ(4S) energy. After corrections for the integrated luminosity ratio, the centerof-mass energy ratio and the reconstruction efficiency ratio, the number of events in continuum dataset will reproduce the number of uū, dd, ss and cc continuum events in the Υ(5S) dataset. The dominant systematic uncertainty in the continuum subtraction method comes from the Υ(5S) and continuum luminosity ratio, which is usually calculated using Bhabha events. In the Belle measurement [3] a ∼ 0.4% systematic uncertainty on the integrated luminosity ratio L 5S /L cont resulted in the ∼ 5% systematic uncertainty on σ Υ(5S) bb . Probably with higher statistics, the Υ(5S) and continuum dataset integrated luminosity ratio can be better measured comparing D 0 and D s production at the high momentum region. Unfortunately the σ
uncertainty cannot be essentially reduced below 3% using continuum subtraction methods, and it would become a "core" uncertainty on the full B 0 s number determination with increasing statistics. By now the σ Υ(5S) bb value was measured by CLEO [1] to be (0.301 ± 0.002 ± 0.039) nb and by Belle [3] to be (0.302 ± 0.015) nb.
The f s value can be determined by comparing D s , D 0 or φ production in Υ(5S), Υ(4S) and continuum datasets.
This method is based on the fact that the D s and φ meson production rate is significantly higher in B s decays has to be made. Currently the mean PDG value [5] , based on CLEO and Belle measurements, is f s = (19.5
Although the uncertainty can be decreased by about a factor of two with larger statistics, this method includes a model dependence and has an unavoidable basic uncertainty. Several model independent methods have been discussed (using double D s production, lepton correlations, vertex information, low momentum photons and so on), however these methods mostly require rather large statistics or include a model dependent parameter. Generally, we expect to reduce the f s uncertainty to Finally, the branching fractions
−2.9 )% is derived; the errors are completely dominated by the low
Comparing the number of events reconstructed in the B 
This number is higher than the value of 70 % predicted by several theoretical models [7, 8] . From the B Within the Standard Model (SM) the B 0 s → φγ decay can be described by a radiative penguin diagram (Fig. 6 , left) and the corresponding branching fraction is predicted to be ∼ 4×10 −5 [11] . The B 0 s → γγ decay is expected to proceed via a penguin annihilation diagram (Fig. 6, right) and to have a branching fraction in the range (0.5 − 1.0) × 10 −6 .
However, the B 0 s → γγ decay branching fraction is sensitive to some BSM contributions and can be enhanced by about an order of magnitude [12] [13] [14] ; such enhanced values are not far from the upper limit expected in this analysis.
The three-dimensional (two-dimensional) unbinned extended maximum likelihood fit to M bc , ∆E and cosθ 
First measurement of B
The inclusive semileptonic B 0 s → X + ℓ − ν decay branching fraction has been measured for the first time using a 23.6 fb −1 data sample collected at the Υ(5S) resonance [15] . This measurement is of special interest, because the total semileptonic B 0 , B + and B (Fig. 8 ) obtained after background subtractions and an efficiency correction are used to extract the numbers of primary and secondary leptons. The backgrounds are subtracted using continuum and Υ(4S) data to estimate continuum and BB contributions. The MC simulation is used to obtain the momentum distribution shapes for leptons from primary B s decays and from secondary D
We fit the data with a function which includes the sum of these two terms with fixed shapes and floating normalizations. 
where the latter one represents an average over electrons and muons. The obtained branching fractions can be compared with the PDG value B(B 0 → X + ℓ − ν) = (10.33 ± 0.28)% [5] , which is theoretically expected to be approximately the same, neglecting a small possible lifetime difference and small corrections due to electromagnetic and light quark mass difference effects.
Observation of Υ(5S) → Υ(1S)
The production of Υ(1S) 
and M (µ + µ − ) for pion or kaon modes. In the studied processes the opposite-sign muon pair should have a mass in the nominal Υ(1S), Υ(2S) or Υ(3S) mass regions. 
The region where the mass of The obtained branching fractions and partial widths are given in Table 1 . For comparison, the partial widths for similar transitions from Υ(2S), Υ(3S), or Υ(4S) are also shown. The Υ(5S) partial widths (assuming that the signal events are solely due to the Υ(5S) resonance) are found to be in the range (0.52-0.85) MeV, that is more than 2 orders of magnitude larger than the corresponding partial widths for Υ(2S), Υ(3S), or Υ(4S) decays. The unexpectedly large Υ(5S) partial widths disagree with the expectation for a pure bb state, unless there is a new mechanism to enhance the decay rates. Table I : The branching fractions (B) and the partial widths (Γ) for Υ(nS) → Υ(mS) π + π − and Υ(1S) K + K − processes are listed. The first error is statistical, and the second is systematic. The values for the Υ(2,3,4S) decays are from [5] .
−0.15 ± 0.07 0.52 •
Combining modes with the large number of reconstructed B 
Feasibility of ∆Γ s /Γ s measurement
A new generation of B-factories with luminosity 20-100 times higher than that delivered to the Belle and BaBar experiments has been recently proposed [17, 18] . Taking into account an average integrated luminosity of about 1 fb −1 per day taken by Belle in first Υ(5S) runs, an integrated luminosity of 1000 fb −1 can be taken by future B-factories in 10-50 days. Although many interesting rare B ) measurement is the most important goal for such a study because it provides a critical Standard Model test. This method was developed by Grossman [19] ; a more detailed description can be found in [20] . Technically we expect to have ∼(5-7)% accuracy in the B(B Then we can measure the distance between the decay vertices ∆Z = Z CP even − Z CP odd along the Υ(5S) boost direction and, respectively, the time difference ∆t = ∆Z/(βγc) (here βγ is the boost factor). The expected distribution is proportional to exp(−Γ L ∆t) for ∆t > 0 and exp(+Γ S ∆t) for ∆t < 0; thus, fitting to this distribution yields both Γ L and Γ S .
Finally, from the ∆Z distribution fit we obtained the value ∆Γ s /Γ s = (10.2 ± 2.4)% (significance ∼ 4σ), where value ∆Γ s /Γ s = 10.0% was fixed in the toy MC simulation. Because background contribution is low in the studied modes, the signal significance depends on statistics as ∝ √ L int . The vertex resolution effect is negligible: almost no degradation in accuracy of ∆Γ s measurement was found comparing the ∆Z distribution fit values with the vertex resolution neglected (Fig. 10, left) in toy MC simulation and the single vertex resolution of ∼ 40µm (Fig. 10, right) included in toy MC, latter reproduces roughly the current Belle vertex reconstruction uncertainty in ∆Z. It is interesting that we can use the event numbers N + and N − in the ∆Z > 0 and ∆Z < 0 regions, respectively, to
, however the statistical uncertainty is ∼ 30% larger in this method. 
Feasibility of B

Potential measurements with higher beam energies
One of the significant advantages of hadron-hadron colliders is the possibility to study many heavy beauty states, such as B * * , B * * s , B c , Λ b , Σ b et. al. Potentially, however, all these states can be studied at the e + e − collider running at the center-of-mass energy (12) (13) (14) GeV. Even outside Υ resonances, the bb continuum is expected to be ∼ 10% of all continuum events. In particular, the Λ b baryons could be produced at the center-of-mass energy of ∼ 11.3 GeV (threshold for Λ bΛb pair production is E = 11.248 GeV) with approximately the same rate as B 0 s mesons. In a very high luminosity B-factory with a wide allowed beam energy range, the study of B c mesons seems to be also possible.
In conclusion, we discussed recent results and future prospects for the Υ(5S) running at B-factories. 
